Background Psychologic distress contributes to symptom severity in patients with several musculoskeletal disorders. While numerous shoulder outcome instruments are used it is unclear whether and to what degree psychologic distress contributes to the scores. Questions/purposes We asked (1) to what degree shoulder outcome instruments reflect patients' psychologic distress, and (2) whether patients who are strongly affected by psychologic distress can be identified. Methods We prospectively evaluated 119 patients with chronic shoulder pain caused by degenerative or inflammatory disorders using the Constant-Murley scale, Simple Shoulder Test (SST), and Disabilities of the Arm, Shoulder, and Hand (DASH) questionnaire. To evaluate psychologic distress, we measured depression using the Center for Epidemiologic Studies-Depression (CES-D) scale and pain anxiety using the Pain Anxiety Symptom Scale (PASS). Demographic and clinical parameters, such as pain scores, ROM, and abduction strength, also were measured. We then assessed the relative contributions made by psychologic distress and other clinical parameters to the quantitative ratings of the three shoulder outcome instruments. Results Quantitative ratings of shoulder outcome instruments correlated differently with psychologic distress. Constant-Murley scores did not correlate with psychologic measures, whereas SST scores correlated with PASS (r = 0.32) and DASH scores correlated with PASS and CES-D (r = 0.36 and r = 0.32). Psychologic distress contributed to worsening SST and DASH scores but not to Constant-Murley scores. DASH scores were more strongly influenced by pain anxiety and depression than the other two outcome instruments. Conclusions Shoulder outcome measures reflected different psychologic aspects of illness behavior, and the contributions made by psychologic distress to different shoulder outcome instruments apparently differed. Physicians should select and interpret the findings of shoulder outcome instruments properly by considering their psychologic implications.
Introduction
Chronic shoulder pain is a common problem, especially in patients with degenerative or inflammatory disorders, and has a prevalence of 7% to 34% in the general population [3, 5] . This type of pain restricts daily activities owing to ROM limitations and reduced muscle power and because it is accompanied by different types and degrees of psychologic distress [37] . Patient-perceived disability correlates as much or more with psychologic distress than with objective impairment [32] , and thus there is growing interest in measuring psychologic distress and function or disability, which predicts surgical outcome and plays a substantial role in a patient's recovery, even accounting for clinical factors [30] . Psychologic distress, such as pain anxiety or depression, is increasingly being recognized as contributing to pain and disability perception in several musculoskeletal disorders [16] . Accordingly, the provision of care to patients with musculoskeletal disabilities no longer is limited to reducing signs and symptoms and improving a patient's ability to function but also embraces general well-being and quality of life, which include the mental and physical aspects of health [8] .
An increasing number of questionnaires have been introduced to evaluate general shoulder function and disability [24, 29] . These questionnaires range from objective measures, such as ROM [6] or muscle strength [6] , to more subjective measures, such as patient satisfaction [23] or quality of life [11, 35] . The commonly used shoulder outcome instruments reportedly yield varying scores even when used to evaluate similar disorders [2, 29] . Such variations could result from the degree to which the scores are influenced by psychologic distress. Although clinicians should be aware of the contributions made by psychologic distress to selected outcome instruments when making decisions regarding treatment priorities or interpreting treatment outcomes, it is unclear whether and to what degree psychologic distress influences the scores.
We therefore asked (1) 
Patients and Methods
Between May 2011 and November 2011 we evaluated a total of 132 patients with shoulder pain. Of these we recruited 119 patients meeting the following criteria: disorders caused by degenerative or inflammatory changes in the shoulder region (adhesive capsulitis, arthritis, cuff disorder, or tendinitis calcarea), symptom duration greater than 3 months, age 30 years or older, and ability to complete the questionnaires. We excluded 13 patients with shoulder instability and those with shoulder pain originating from cardiovascular or neurologic problems. All patients provided informed consent, and the study protocol was approved by the institutional ethics committee.
A power analysis indicated a minimum sample size of 110 patients would provide 90% statistical power (b = 0.1, a = 0.05) to detect a moderate correlation (q C 0.30) between CES-D and DASH scores, which means that association with a correlation coefficient greater than 0.3 can be detected with a power of 90%, given the actual sample size.
Demographic and clinical data were collected by a physician at first visits (Table 1) . Clinical investigations included BMI, disease duration, pain score during activity (measured using a 0-to 10-cm VAS), ROM (measured using a goniometer), and muscle force (measured using a tensiometer).
We asked all individuals to complete three commonly used shoulder outcome instruments (Constant-Murley scale [6] , SST [16] , and DASH [11] ) based on their shoulder condition during the past 4 weeks. The questionnaires were distributed by one orthopaedic surgeon (YHR) in the clinic after physical examination. All returned questionnaires were checked for completion by trained nurses, and participants were assisted in completing missing items. The Constant-Murley questionnaire is a reliable and valid shoulder outcome instrument [9] , and is the most widely used questionnaire in Europe [17] . It combines physical examination tests (ROM and strength) and subjective evaluations (pain and function). The SST was developed by the shoulder service at the University of Washington (Seattle, WA, USA) [19] . It is a quick, subjective questionnaire composed of 12 questions with yes or no response options, and has been reported to be reliable, valid, and responsive [10] . For each question, the patient indicates whether he or she is able to perform the activity. Scores are summarized, and total scores range from 0 (worst) to 12 (best) for shoulder function. The DASH is a self-administered, upper extremity-specific questionnaire that consists of 30 questions [13] . It includes physical functions, symptoms, and social-role function, work, sleep, and confidence items. Five responses are provided per question and are scored from 1 (without difficulty or no symptoms) to 5 (unable to engage in activities or very severe symptoms). Thus, the DASH provides a best possible score of 0 and a worst possible score of 100. The DASH evaluation is userfriendly, reliable, and valid for a range of upper extremity disorders [12, 33] . The average ± SD DASH score in the general population has been reported as 10 ± 15 [14] .
In addition, we measured depression using the CES-D [27] and pain anxiety using the PASS [25] . The CES-D [27] is used to assess depressive symptoms, screen for symptoms related to depression or psychologic distress, and provide a means of identifying those at risk of depression. The CES-D is composed of 20 items, which are rated from 0 to 3. Thus, total scores range from 0 to 60, and the average score for the general population is 9.1 ± 8.6 [4] . The PASS is a 40-question inventory designed to measure pain-related anxiety [25] . The PASS contains four subscales that measure the levels of different anxiety types: (1) cognitive anxiety, (2) fear of pain, (3) escape and avoidance, and (4) physiologic anxiety. The PASS rates responses using 6-point ordinal scales and assigns 50 points to each of the four subscales (a maximum possible pain anxiety score of 200) [22] .
We used descriptive statistics to describe the demographics and clinical characteristics of the study subjects. To evaluate what degree shoulder outcome instruments reflect patients' psychologic distress, we ran multiple linear regression analysis after univariate correlation analysis. We evaluated associations between continuous explanatory variables (gender, ROM, pain VAS, strength, CES-D, and PASS scores) and response variables (Constant-Murley scale, SST, and DASH scores) using Pearson's correlation coefficients after normality testing. Independent variables with p \ 0.1 were entered into a multivariate regression model with stepwise variable selection to identify independent predictors of the three shoulder outcome scores, adjust for potential confounding variables, and estimate the relative contributions made by pain anxiety (measured using the PASS) and depressive symptoms (measured using the CES-D) to the results of the three shoulder outcome instruments. We ran two multiple analysis models to evaluate what degree CES-D and PASS together influence shoulder outcome scores (psychologic model including only the PASS and CES-D as explanatory variables), and what degree CES-D and PASS each influence shoulder outcome scores accounting for other clinical variables (best-fit model using backward stepwise multiple regression analysis, which included all entered explanatory variables initially, and subsequently, iterations were used to remove variables). Multiple linear regression analysis assesses the ability of explanatory variables to cause variations in response variables and accounts for confounding effects between explanatory variables. This analysis produces a statistic called adjusted R 2 , which reflects the percentage of overall variability in the dependant variable that can be explained or accounted for by the explanatory variables included in a multiple linear regression model. We also evaluated Pearson's correlation coefficient of each question or domain on CES-D or PASS with DASH scores to determine whether there are key questions on the Distress Test which strongly indicate negative outcome scores in patients with chronic shoulder pain. All statistical analyses were performed with SPSS version 17.0 (SPSS Inc, Chicago, IL, USA).
Results
Psychologic distress measures correlated quite differently with three shoulder outcome instruments examined, and contributed to worsening SST and DASH scores but not to Constant-Murley scores. Scores for the clinical, shoulder outcome, and psychologic measures are shown ( Table 2 ). The Constant-Murley score did not correlate with the CES-D and PASS, whereas SST scores correlated with the PASS (r = 0.32, p = 0.025), and DASH scores correlated with the PASS and CES-D (r = 0.36, p = 0.011; and r = 0.32, p = 0.022, respectively) ( Table 3 ). However, each of the three shoulder outcome instruments correlated with the other two instruments. Specifically, the DASH correlated with the SST and Constant-Murley scores with correlation coefficients of 0.72 (p \ 0.001) and 0.41 (p \ 0.001), while the SST scores correlated with Constant-Murley scores with a correlation coefficient of 0.58 (p \ 0.001). In multivariate regression analysis, a psychologic model containing only psychologic variables explained 13% and 17 % of the variation in SST and DASH scores (p = 0.032 and 0.020, respectively), but it did not explain the variation in Constant-Murley scores (p = 0.350) ( Table 4 ). The best multivariable model accounted for 81%, 43%, and 38% of the variation in Constant scores, SST, and DASH scores (p \ 0.001, p = 0.001, and p = 0.020, respectively).
Nineteen percent of patients (23/119) with chronic shoulder pain had high CES-D scores greater than 16 (Table 5) , and 8% of patients (10/119) had severe pain anxiety symptom scores greater than 122 (Table 6) . Patients with higher CES-D or PASS scores had worsened DASH scores and higher VAS pain scores, but there were no differences in Constant-Murley scores, strength, and ROM. Three questions in the CES-D questionnaire, ''I was bothered by things that usually don't bother me.'', ''I felt that everything I did was an effort.'' and ''I was unhappy.'', showed relatively strong correlations (r = 0.47, p = 0.001; r = 0.41, p = 0.007; and r = 0.38, p = 0.009) with worsened DASH scores, but the other questions did not correlate with worsened DASH scores. In terms of PASS score, every domain of the PASS score, cognitive anxiety, avoidance, fear of pain, and pain anxiety, correlated with worsened DASH scores with correlation coefficients of 0.38, 0.33, 0.41, and 0.39, respectively (p = 0.003, 0.006, 0.005, and 0.001, respectively).
Discussion
A range of shoulder instruments have been introduced to assess shoulder disability and health-related quality of life. In addition to objective measures, such as ROM and muscle strength, subjective patient-based measures have become increasingly important for comprehensive assessments of intervention outcomes. Furthermore, patient-perceived disability better correlates with psychologic distress than objective impairment, and thus, there is growing interest in measuring psychologic distress. We determined what degree shoulder outcome instruments reflect patients' psychologic distress and whether there are key questions on the Distress Test which strongly indicate negative outcome scores in patients with chronic shoulder pain.
Our study has several limitations. First, it was based on a cross-sectional cohort, which prevented definite conclusions regarding the directions of relations between psychologic distress and patient-perceived disability, and thus, uncertainty remains about the direction of this relationship. A prospective longitudinal study is warranted to determine the nature of the causal relationship between psychologic distress and perceived disability. Second, only three outcome instruments were included in the study, and these instruments may not adequately capture patient-perceived disability. However, the use of too many instruments would have increased the burden placed on patients, and the selection of outcome measurements depends on their applicability, patient compliance, and author preference. Third, psychologic distress was evaluated only using a self-administered questionnaire and not using a structured psychiatric interview, which could have other aspects of psychologic morbidity, which were not measured in our study, might have contributed to variance. Exploring the causal relationship would require considering complex biologic and psychologic factors, and it is almost impossible to explore every causal relation. Finally, we did not prescreen the patients regarding psychologic morbidity which might have allowed a wider spectrum of patients with psychologic disorders to be included, although we believe that the effects may be limited. Despite reports on the roles of psychologic factors, such as anxiety and depression, in patients with upper limb conditions [20, 21, 31, 36] , the relationship between outcome measures and psychologic distress has not been properly addressed. Inconsistencies of relationships between psychologic factors and performance-based and self-reported disabilities might be attributable to the different measurement properties of outcome instruments and of measured psychologic variables (Table 7) . We found correlations between the psychologic measures and shoulder outcome instruments were quite different for the three outcome instruments examined, and the influences of psychologic distress on perceived disability in patients with chronic shoulder pain differ according to the outcome instruments used. Constant-Murley scores showed little correlation with psychologic factors. For these scores, patient-based assessments accounted for only 35% of the score (the remaining 65% was allocated to objective assessments of ROM and strength), and this might have caused the poor correlations with psychologic factors. However, SST and DASH scores are based wholly on patient-based or self-reported assessments, although only the DASH contains social and confidence items. Although the SST does not contain any items that directly assess psychologic distress, SST scores moderately correlated with PASS scores, and 13.2% of the variance in SST scores was explained by the psychologic model. This may have been because questions regarding function and symptoms in the SST involve physical impairment and psychologically related loss of function. However, psychologic factors are important determinants of DASH scores, and more of the variance in DASH scores was explained by the psychologic model than variances in SST or Constant-Murley scores. For DASH scores, anxiety and depression explained more variance than pain severity, which suggests psychologic distress rather than pain per se causes disability in patients with chronic shoulder pain. These findings concur with those of a previous study, in which a large variability in DASH scores in upper extremity disorders apparently arose from psychosocial rather than physical factors [28] . Furthermore, subjective factors, such as pain and depression, have been reported to have greater influences when disability is measured with respect to the entire arm, such as by using DASH scores, rather than with respect to a more specific regional site [18] .
We also found that patients who have severely worsened patient-based outcome scores but not clinician-based questionnaire scores or performance (Constant-Murley score, ROM, and muscle strength) tend to have high degree of psychologic distress symptoms. Patient-based outcome measures (DASH or SST) assessed physical impairment and psychologic distress, and clinician-based outcome instruments did not reflect patients' psychologic distress. In addition, in the clinic, physicians may identify patients who are likely to be strongly affected by psychologic distress by asking three questions on the CES-D score (''I was bothered by things that usually don't bother me.'', ''I felt that everything I did was an effort.'' and ''I was unhappy.'').
Patients with depression and anxiety may see themselves as being more disabled than might be expected based on objective findings and thus might not be capable of adapting to and managing painful upper extremity problems [1] . Depression and anxiety not only correlated with patient reports of disability but they also impair adherence to prescribed therapy, response to medical treatment, and recovery after surgery [15, 16, 34] . Several antidepressant medications have been reported to have substantial analgesic effects in patients with a musculoskeletal disorder [7, 26] , and further studies are needed to investigate the efficacy of treating comorbid depression or anxiety in patients with chronic shoulder pain.
We showed shoulder outcome measures were affected by different psychologic aspects of illness behavior and the contributions made by psychologic distress to different shoulder outcome instruments apparently differed. Therefore, we suggest physicians should be aware of the relationship between physical outcome measures and psychologic distress and recommend efforts be made to select or interpret shoulder outcome instruments properly.
